The Hypertension Detection and Follow-up Program followed up 10,940 persons for 5 years in a community-based, randomized, controlled trial of treatment for hypertension. Participants were randomized to one of two treatment groups, stepped care and referred care. The primary end point of the study was all-cause mortality, with morbid events involving the heart, brain, and kidney as secondary end points. Loss of renal function, ascertained by a change in serum creatinine, was among these secondary events. Baseline serum creatinine concentration had a significant prognostic value for 8-year mortality. For persons with a serum creatinine concentration greater than or equal to 1.7 mg/dl, 8-year mortality was more than three times that of all other participants. The estimated 5-year incidence of substantial decline in renal function was 21.7/1,000 in the stepped-care group and 24.6/1,000 in the referred-care group. Among persons with a baseline serum creatinine level between 1.5 and 1.7 mg/dl, the 5-year incidence of decline was 113.3/1,000 (stepped care) and 226.6/1,000 (referred care) (p<0.01). The incidence of decline in renal function was greater in men, blacks, and older adults, as well as in those with higher entry diastolic blood pressure. Among persons with a baseline serum creatinine level greater than or equal to 1.7 mg/dl, serum creatinine concentration declined by 25% or more in 28.6% of stepped-care and 25.2% of referred-care participants. Although the incidence of clinically significant hypercreatininemia in a hypertensive population is low, an elevated serum creatinine concentration is a very potent independent risk factor for mortality. The slightly lower rate of development of hypercreatininemia and the higher rate of improvement in stepped-care compared with referred-care participants is consistent with the belief that aggressive treatment of hypertension may reduce renal damage and the associated increased risk of death. (Hypertension 1989;13(suppl I):I-80-1-93)
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associated with blood pressure elevation. 5 -9 The mechanism by which hypertension damages the kidney and the relative contribution of high blood pressure to the progression of renal insufficiency remain incompletely defined. In general, largescale, prospective, randomized trials of treatment for hypertension have not focused on renal function, possibly because of the relatively low incidence of renal disease in hypertensive subjects and because the lack of premonitory symptoms makes ascertainment of renal disease difficult even in the general population. Except for urinalysis and serum creatinine concentration, tests to accurately measure renal function or detect new renal disease are often difficult to conduct.
The clinical quantification of renal function to provide early evidence of disease is usually thought to require determination of the plasma clearance rate of endogenous creatinine, 10 a procedure requiring a 24-hour urine collection. In general, it is difficult to obtain an accurate 24-hour urine collection from patients being treated on an outpatient basis, thus making this procedure an impractical test for epidemiological evaluation. For this reason, elevated serum creatinine concentration has frequently been used as a criterion for renal morbidity in clinical trials of hypertension."- 15 This article reports the prevalence of hypercreatininemia at baseline, its use as a prognostic marker, and the longitudinal change of serum creatinine concentration in participants of the Hypertension Detection and Follow-up Program (HDFP). The data base of the HDFP provides a source of information to examine renal function and its course during 5 years in a large cohort of persons with hypertension. The HDFP used a central laboratory and standardized procedures to routinely monitor serum creatinine in its stepped-care (SC) cohort during the 5-year treatment trial (1973) (1974) (1975) (1976) (1977) (1978) (1979) and on three specific occasions in its referred-care (RC) cohort. In addition, the HDFP data base contains follow-up data on 8-year mortality, thereby providing an opportunity to examine the mortality risk associated with serum creatinine.
Subjects and Methods

Trial Design
The design and methods of the HDFP have been described in detail in previous articles. 1617 Briefly, participants were recruited through a two-stage, community-based, screening program for high blood pressure that was performed in 14 US communities between 1973 and 1974. 18 From a base population of 159,000 people, aged 30-69 years, a cohort of 10,940 persons with hypertension was identified.
(Only bedfast and institutionalized persons were excluded.) Each participant was randomly assigned to either the SC or the RC group; 5,485 persons to the SC group and 5,455 persons to the RC group. Randomization was stratified by clinical center and by three ranges of diastolic blood pressure (DBP): 90-104 mm Hg (stratum 1), 105-114 mm Hg (stratum 2), and greater than or equal to 115 mm Hg (stratum 3). The two treatment groups were comparable with regard to age, race, sex, and risk factors at entry into the study. 17 The mean age was 50.8 years, and the percentages of white men, black men, white women, and black women were 34.3%, 21.4%, 19 .6%, and 24.6%, respectively. The percentages of participants in the three DBP strata were 71.5%, 18.8%, and 9.7%, respectively. Participants with known primary parenchymal renal disease like chronic glomerulonephritis or diabetic nephropathy were not excluded, but the prevalence of such disease was less than 1%. 19 At entry into the study, a physical examination, chest X-ray, 12-lead electrocardiogram, and blood and urine tests were performed. A similar examination in the clinic was repeated at the end of Years 2 and 5. In addition, all SC and RC participants were seen at home (or place of employment at one clinic) at the end of Years 1,2,4, and 5 for interval health history and blood pressure measurement. The SC participants were seen at intervals dictated by clinical judgment but at least every 4 months.
Stepped Care
The SC program was designed to treat hypertension by a standardized drug protocol. Therapy was increased stepwise to achieve and maintain a reduction of DBP to or below set goals. Goal DBP was defined as 90 mm Hg for those entering the trial with a DBP of 100 mm Hg or greater or who were already receiving antihypertensive drug therapy; goal DBP was defined as a 10 mm Hg decrease for those with a DBP of 90-99 mm Hg. Drug treatment included the use of diuretic agents, adrenergic receptor blocking agents, and vasodilators. Seventy-five percent of SC participants received either the diuretic agent, chlorthalidone, alone or in combination with an antiadrenergic agent like reserpine or methyldopa. 17 
Serum Creatinine Determination
Serum creatinine concentration was determined for each participant at baseline and at the end of Years 2 and 5. For SC participants, serum creatinine was determined at 4-month intervals throughout the 5 years of follow-up. Blood samples were analyzed at a central laboratory with consistent methodology throughout the course of the study. Frozen samples were shipped by priority mail or air freight to the central laboratory where the samples were thawed, remixed, and analyzed within 24 hours.
The analysis of serum creatinine was performed with a Technicon SMA 12/60 multichannel analyzer (Technicon Corp., Tarrytown, New York) by Jaffe's reaction between alkaline picrate and creatinine. 20 After color development, the absorbance was measured at 505 nm.
The sensitivity for creatinine analysis was expanded by standardizing the SMA 12/60 for the
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Supplement I Hypertension Vol 13, No 5, May 1989 range 0.0-5.00 mg/dl (0-442 /xmol/1) creatinine instead of 0.00-10.00 mg/dl (0-884 fxmo\J\). Specimens with creatinine values greater than 5.0 mg/dl were diluted and reanalyzed. The reference standard was analyzed by a manual method. 21 Appropriate careful calibration and quality control procedures were followed. The target value for the creatinine concentration of the calibrator serum was determined by the reference laboratories of the Centers for Disease Control (CDC) in Atlanta, Georgia. The control serum and the calibrator serum were prepared in 50-liter pools by a commercial laboratory. Four lots each of calibrator and control sera were used in staggered fashion during the course of the trial. Results were read directly from the SMA 12/60 into the laboratory computer and were subsequently transferred to computer magnetic tapes that were mailed to the HDFP Coordinating Center.
Overall analytic drift was monitored by one blinded and two unblinded techniques. The blind surveillance used pools of sera prepared by the CDC and shipped to the central lab from selected HDFP clinics in containers identical to those containing patient samples. The data from these pools were monitored by the HDFP laboratory aspects committee, which periodically apprised the director of the central lab of any concerns. In addition, the central lab maintained unblinded records of the means of the control sera data for 30 days before and 30 days after a switch in control or calibrator sera. Finally, at the end of the study, duplicate patient samples that had been stored at -85° C since the onset of the study were thawed, analyzed, and compared with corresponding values obtained at baseline. These three methods revealed an analytic drift for creatinine that was judged insignificant.
Baseline Serum Creatinine Strata
Cutpoints for the stratified analysis of baseline serum creatinine concentration approximate selected percentiles. Because the distribution of serum creatinine is right-skewed and the upper range of values is generally viewed as indicative of renal damage, attention was focused on the distribution's right tail. The cutpoints at 1.5, 1.7, 2.0, and 2.5 mg/dl (132.6, 150.3, 176.8, and 221.0 fimolll) approximate the 95th, 97th, 98th, and 99th percentiles, respectively, of the distribution. The 0.8 mg/ dl (70.7 /Ltmol/1) cutpoint approximately marks the lower 10% of the distribution, and the 0.7 mg/dl (61.9 /imol/1) cutpoint, the lower 5%. The remainder of the distribution was divided into three intervals by cutpoints at 1.0 and 1.2 mg/dl (88.4 and 106.1 ^tmol/1), representing the approximate 40th and 75th percentiles.
The marker for baseline evidence of kidney damage in the HDFP was defined as a serum creatinine concentration of greater than or equal to 1.7 mg/dl, and this value has been used in the present analysis to define clinically significant hypercreatininemia.
Borderline hypercreatininemia was defined as a serum creatinine concentration in the range 1.5-1.7 mg/dl.
End Points
Mortality from all causes was the primary end point of the HDFP. Every effort was made to ascertain the vital status of each participant, and only 0.95% of the participants were considered "lost" to 8-year follow-up. Cause-specific mortality and morbid events involving the heart, brain, and kidney were designated secondary end points. Differences in the frequency of observation of SC and RC participants introduced potential bias due to differential ascertainment, evaluation, and validation of nonfatal events. Because differences in the degree of ascertainment can affect observed differences in morbid event rates between the SC and RC groups, findings on nonfatal events must be interpreted with some caution.
The development of renal insufficiency was one of the secondary outcomes specified in the HDFP protocol. Development of a serum creatinine concentration greater than or equal to 2.0 mg/dl and twice the baseline value was originally specified in the protocol. This latter restriction has been relaxed in the present analysis, partly because such a large increase in serum creatinine was rare.
Statistical Methods
The analysis of mortality data was performed by standard life table methods 22 to compute cumulative all-cause mortality rates, overall and stratified by baseline serum creatinine concentration. Specifically, the estimated cumulative proportion dying was computed as one minus the cumulative proportion surviving with the Cutler-Ederer estimator for the probability of surviving successive 3-month intervals. 23 The Cutler-Ederer estimator, which does not take into account exact survival time, assumes that, on average, participants lost to or withdrawn from the study survive one half the interval in which they withdraw. More than 95% of the survivors experienced a full 8 years of follow-up for mortality. Less than 1% were considered lost to 8-year follow-up. 24 Cause-specific mortality rates were directly adjusted for distributional differences in age, race, and sex. A common standard population consisting of all HDFP trial participants was used to provide comparable rates in the various strata examined. Cause of death was assigned by nosologists with only death certificate information and with all personal and study identifying information masked. 25 The multiple logistic regression analysis was performed with the Walker-Duncan procedure. 26 The relative odds ratio was calculated from e' 3 *, where e is the number for which the Napierian logarithm is one, )8 is the logistic coefficient, and X is either one for the discrete variables or is the difference between the high-and low-risk value for continuous variables like age.
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The tests of significance for the differences between SC and RC are based on the standard normal distribution for the comparison of two proportions (SC vs. RC). Because the subgroup analyses presented here involve multiple comparisons, a difference at the/?<0.05 level may have occurred by chance in one of 20 comparisons. No adjustment for multiple comparisons was done. Table 1 presents baseline serum creatinine sample means and standard deviations, overall and by selected baseline characteristics. Also shown are the respective percentages and numbers of participants with concentrations greater than or equal to 1.5 mg/dl (132.6 yumol/l) and greater than or equal to 1.7 mg/dl (150.3 /imol/1) at baseline. In this sample of 10,768 persons with hypertension, the mean serum creatinine level was significantly higher for men than for women and for blacks than whites (p<0.01). These sex-race differences remained after adjustment for body mass index, age, level of blood pressure, use of antihypertensive medication at trial entry, an elevated fasting blood sugar level or a history of diabetes, a history of cancer, serum cholesterol level, and cigarette use. For the HDFP hypertensive population as a whole, 2.76% of the participants had a serum creatinine concentration greater than or equal to 1.7 mg/dl. Among black men, 5.17% had a serum creatinine concentration greater than or equal to 1.7 mg/dl compared with 2.53% of white men, 2.57% of black women, and 1.13% of white women. No differences in baseline mean creatinine levels were noted between the SC and RC groups, but a slightly higher percentage of SC participants had hypercreatininemia at trial entry. The frequency and cumulative distributions of serum creatinine concentration at entry into the HDFP are depicted in Figure 1 by race and sex.
Results
Baseline Distribution of Serum Creatinine Concentration
As shown in Table 1 , the baseline prevalence of serum creatinine concentrations greater than or equal to 1.5 mg/dl generally increased with age, blood pressure, serum uric acid, and proteinuria. Nearly 40% of all participants with a proteinuria level of 3+ or greater had a baseline serum creatinine value in this range, and 24.3% had a concentration greater than or equal to 1.7 mg/dl.
Prognostic Value of Serum Creatinine Concentration
The baseline level of serum creatinine was an important and significant risk factor for 8-year mortality among HDFP participants. As shown in Figure 2 , the risk of death increased progressively with the concentration of creatinine, starting with creatinine levels between 0.80 and 0.99 mg/dl. There was nearly a fivefold increase in the 8-year mortality risk between the lowest and the highest risk strata of creatinine. As depicted by the cumulative 8-year life table mortality curves in Figure 3 , the absolute risk of death associated with hypercreatininemia began in the 1st year of the study and became more marked in those with higher baseline creatinine concentrations as time passed. The absolute mortality risk generally was higher in blacks than in whites at all levels of serum creatinine, but the relative increase in risk associated with higher concentrations was similar.
The independent contribution of hypercreatininemia (creatinine s i .7 mg/dl) at baseline to the risk of 8-year mortality was examined by multiple logistic regression analysis. The results, summarized in Table 2 , suggest that the risk associated with hypercreatininemia was similar to the other variables considered except age and body mass index. The relative odds of dying in 8 years, after adjusting for all other factors examined, was more than twice as great for those with hypercreatininemia than for those with lower concentrations. When the analysis was restricted to those with mild hypertension (90-104 mm Hg diastolic without drug therapy for hypertension at entry), the risk of death associated with hypercreatininemia remained two times greater than in its absence.
Cause-specific 8-year mortality among SC and RC participants is presented in Table 3 . Overall, death from renal disease in this cohort was rare; only 43 (3.1%) of the 1,393 deaths with a known cause were attributed to renal disease. However, the mean annual death rate from renal disease was approximately 5/10,000 persons-roughly 10 times the 1976 rate for the general US population in this age range. Most frequently, the cause of death among those with hypercreatininemia was attributed to cardiovascular rather than renal causes. Death from renal disease was much more likely in the presence of an elevated baseline serum creatinine concentration than in its absence. The mortality rates for neoplastic diseases were similar for those with and without hypercreatininemia.
Change in Serum Creatinine Concentration
Mean serum creatinine concentrations during the course of the HDFP trial are shown in Figure 4 by race-sex group. Throughout follow-up, the mean concentration of creatinine in women remained about 0.2 mg/dl (17.7 /u.mol/1) below that of men and remained higher in blacks than in whites for both sexes. For SC participants whose creatinine concentration was measured every 4 months, there was a gradual rise of about 0.2 mg/dl (17.7 fimol/l) in the mean concentration of serum creatinine during the first 2 years, which was followed by a leveling off for the next 3 years. The mean and standard deviation of the paired difference between the 60-month and baseline serum creatinine concentrations was 0.20±0. 40 SC black women, and 0.14±0.25 mg/dl (12.4±22.1 /imol/1) for SC white women. RC participants had serum creatinine levels measured only at baseline and at 24 and 60 months of follow-up. At 60 months, there was little difference between SC and RC mean serum creatinine concentrations. First-line SC therapy was diuretic agents for all race-sex groups, and the slight rise in serum creatinine concentration after the initiation of diuretic-based therapy probably represents hemoconcentration. The shift in the baseline distribution of serum creatinine that was observed at 60 months was not uniform for the range of baseline values. The change in serum creatinine was examined by linear regression analyses, and the results for the four race-sex subgroups are shown in Table 4 . Of the 10,940 participants, 78.4% had valid observations for all the analyzed variables. The estimated quadratic regression curves for the subgroups are depicted in Figure 5 , where the predicted 60-month creatinine change has been plotted against baseline serum creatinine. The graph indicates that, for each racesex subgroup after adjustment for subgroup differences in the included baseline variables, the greatest increase in serum creatinine was generally among participants with baseline values below their respective sample means. When the change in mean creatinine concentration was stratified by the base- line creatinine level, this predicted pattern was observed in all strata except for those with concentrations greater than or equal to 2.0 mg/dl (176.8 /*mol/l). This subgroup, 1.4% of the cohort, had the greatest increase over time despite a death rate of more than 30% in 5 years. In the regression analyses, age at entry had a significant positive relation with change in creatinine concentration for all racesex groups as did baseline diastolic blood pressure; diabetes was positively associated in all but white men. A significant treatment group difference was found only among black women, a difference which is also apparent in Figure 5 .
Development of Clinically Significant Hypercreatininemia
For the great majority of HDFP participants, the 5-year increase in serum creatinine concentration was relatively small for SC and RC groups. However, among the 8,683 participants for whom the 5-year change in creatinine concentration was ascertained, 200 (2.3%) experienced a progressive rise in serum creatinine concentration to levels that were considered indicative of possible renal insufficiency and that posed considerable risk of future mortality. Table 5 presents data on the incidence and progression of clinically significant hypercreatininemia, (24) 56.4±18.7 (9) 58.5±16.1 (12) 27.5+12.4 (5) 42.7±18.9 (6) SC, stepped care and RC, referred care. *Rates have been adjusted for distributional differences in age between the SC and RC groups. The combined SC and RC population was used as the standard.
• SC, stepped care; RC, referred care; DBP, diastolic blood pressure; Cr, serum creatinine; Rx, treatment group; EOD, end damage (history of myocardial infarction, stroke, left ventricular hypertrophy, major Q-QS electrocardiographic abnormalities, Cr §1.7 mg/dl, or intermittent claudication); and FBS, fasting blood sugar.
*Sample mean has been subtracted. tSquared deviation about the mean. tTaking antihypertensive medication at trial entry. §p<0.05.
-organ serum which is arbitrarily defined as a 5th-year serum creatinine concentration level of greater than or equal to 2.0 mg/dl (176.8 /x.mol/1) and greater than or equal to 1.25 times the baseline concentration. Imposition of this latter restriction required the creatinine concentration to have increased by more than one standard deviation of the baseline creatinine. Thus, for a participant with a baseline serum creatinine level of 1.8 mg/dl (159.1 /tmol/l), creatinine concentration had to rise by at least 0.45 mg/dl (39.8 /i.mol/1) to a 5th-year value greater than or equal to 2.25 mg/dl (^198.9 /xmol/1). In addition to the 771 5-year decedents, approximately 10% of SC and 17% of RC participants were missing at least one of these two measurements. Exclusion of persons with unknown creatinine changes implicitly assumes that the rate of development of clinically significant hypercreatininemia would have been the same as it was for those with known outcome. Overall, there was only a small difference in the rate of loss of renal function between the SC and RC groups, 21.7/1,000 in SC survivors and 24.6/ 1,000 in RC survivors, an 11.8% relative difference. The 95% confidence limits for this absolute difference included zero (-3.40, 9.20). The 5-year incidence was significantly greater in blacks than in whites and in men than in women (p<0.01), was significantly greater for those with higher diastolic blood pressures at trial entry compared with those with lower blood pressures (p<0.05), and was also greater for older than younger persons (/?<0.01). Table 6 presents data on the 5-year incidence and progression of clinically significant hypercreatininemia stratified by baseline creatinine concentration. Among participants with a baseline creatinine concentration less than 1.7 mg/dl, there was a 22.7% relative difference in favor of SC, but the 95% confidence interval for this difference included zero (-1.05, 10.25). Only among participants with baseline serum creatinine concentrations signifying borderline hypercreatininemia-in the range 1.50-1.69 mg/dl-was there a significant difference between the SC and RC groups (p<0.01), a 50% relative difference in favor of SC. In this small subgroup Baseline Serum Creatinine Concentration, mg/dL Table  4 , with discrete variables other than treatment group set equal to -I, diastolic blood pressure (DBF) change set to -18 mm Hg, baseline DBP deviation from the mean set to zero, age set to 50 years, and body mass index set to 27 kglm 2 .
FIGURE 5. Regression analysis curves of the 60-month change in serum creatinine concentration (mg/dl) in stepped-care (SC) and referred-care (RC) participants by sex-race group. The predicted creatinine change (ordinate axis) has been plotted against baseline serum creatinine concentration. The graphs were plotted from the regression functions in
(«=238), the incidence of clinically significant hypercreatininemia was 113/1,000 among SC compared with 226/1,000 among RC participants. The subsequent 3-year mortality experience of participants who developed clinically significant loss of renal function during the 5-year trial period was four times that of other participants. There were 54 deaths among the 200 participants who developed possible renal insufficiency; 27.2% were from the SC group and 28.4% from the RC group. For participants without evidence of clinically significant renal function loss, the adjusted 3-year mortality rates were 6.92% for SC and 7.83% for RC.
Regression of Hypercreatininemia
Regression of preexisting hypercreatininemia among 5-year survivors was greater in SC than in RC participants. Of 106 SC participants who had a baseline serum creatinine concentration greater than or equal to 1.7 mg/dl, 21.7% had a 5-year value that was below 1.7 mg/dl and that was at least 25% lower than their baseline level. Among the corresponding 71 RC participants, 16.9% experienced a similar improvement in serum creatinine concentration. (The difference between these percentages was not significant.) Only two (5.9%) of the 34 participants with such improvement died during the succeeding 3 years compared with the deaths of 15 (31.3%) of the 48 whose condition worsened between baseline and their 5th-year examination, that is, those who had a 5th-year serum creatinine level 1.25 times greater than or equal to their baseline value.
Discussion
The risk factors for the development of cerebrovascular and cardiovascular complications of hypertension have been well defined during the past 2 decades.
3427 - 29 However, there is a paucity of data on the natural history of the development and progression of renal disease in hypertensive patients. This lack of information is probably related to the relatively lower prevalence of renal disease compared with the prevalence of cardiovascular or cerebrovascular disease in hypertensive patients. In addition, progression of renal disease does not cause symptoms until late in its course.
Large-scale, prospective, randomized trials have clearly shown the impact of antihypertensive treatment in significantly reducing the risk of death, stroke, congestive heart failure, left ventricular hypertrophy, worsening of the level of blood pressure, and possibly, of coronary heart disease. To demonstrate the effectiveness of antihypertensive drug therapy in reducing the incidence and progression of renal disease would require a large study population and a long study period. In addition, the Values are reported for SC and RC participants with baseline and 5th-year serum creatinine concentration measurements. Rates have been adjusted for distributional differences between SC and RC in age, race, and sex.
RC, referred care; SC, stepped care; and DBP, diastolic blood pressure. *Clinically significant hypercreatininemia is defined as a 5th-year serum creatinine concentration §2.0 mg/dl and at least 1.25 times the baseline concentration. SI units can be obtained from the metric units of creatinine by the conversion factor 88.4 /umol/l per mg/dl. tests to monitor renal function meticulously or to detect new renal disease are often expensive and time-consuming for the physician and the patient. Hence, the level of serum creatinine has become the standard marker for renal function in the hypertensive population treated in office practice. However, this measurement is imperfect because its level is also altered by muscle mass or age. 30 This analysis offers data on two topics, namely, elevated serum creatinine as a risk factor and the natural history of the development and progression of hypercreatininemia in a hypertensive population. The conventional cardiovascular risk factors include high blood pressure, elevated serum cholesterol, and cigarette smoking. The risk markers include electrocardiogram abnormalities and cardiac enlargement. The data presented here show that elevated serum creatinine should also be considered an equally important marker of risk. In the HDFP, hypercreatininemia was a potent predictor of mor- Values are reported for SC and RC participants stratified by baseline serum creatinine concentration. Rates have been adjusted for distributional differences between SC and RC in age, race, and sex.
"Clinically significant hypercreatininemia is defined as a 5th-year serum creatinine concentration §2.0 mg/dl and at least 1.25 times the baseline concentration. SI units can be obtained from the metric units of creatinine by the conversion factor 88.4 /umol/1 per mg/dl.
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tality, as indicated by the fivefold increase in mortality risk between the lowest and highest risk strata. As shown in Table 2 , the risk contributed by elevated serum creatinine persisted when the former was examined by multiple logistic regression analysis, thereby implying that the risk is not due solely to the fact that various groups that are at increased risk (like elderly men and blacks) may also have increased creatinine levels. It is important to note that the cause of death was usually cardiac or cerebrovascular rather than renal. Of the HDFP patients with a baseline serum creatinine concentration greater than or equal to 1.7 mg/dl, 16.8% died of a stroke or coronary heart disease within 8 years. This represents 44.2% of the 8-year deaths in this subgroup of HDFP participants.
The most likely explanation for the association of elevated serum creatinine and increased mortality risk is that the elevated creatinine represents the influence of generalized vascular disease on the kidney, which, in turn, influences mortality. The elevated mortality associated with hypertensive cardiovascular disease is felt to be due primarily to accelerated atherosclerosis as well as cerebral hemorrhage. However, it is possible that diffuse arteriosclerosis, which is associated with hypertension, can have a direct influence on the kidney to decrease filtration and an indirect influence on the kidney by way of decreased perfusion, which can result in elevated creatinine level and increased risk.
Few data exist on the long-term impact of antihypertensive therapy on preventing, arresting, or reversing hypertensive renal disease. This report gives some information on the natural history of renal disease as manifested by elevated serum creatinine, as well as information on the effect of therapy on this natural history. If no real change occurs in the level of the substance being studied, then regression to the mean will lower those values at the upper end of the distribution and raise those values at the lower end. This pattern was noted in the creatinine data examined in this report, with the exception of participants whose baseline concentrations were greater than or equal to 2.0 mg/dl. Those participants in this subgroup had the greatest creatinine increase over time and experienced much higher mortality than those with creatinine values below that level. The observed 5-year increase in serum creatinine concentration in those entering the study with already elevated creatinine concentrations was probably muted by selected mortality. Perhaps selected mortality is the reason that only a small overall difference was noted in the progression rates of clinically significant hypercreatininemia between SC and RC groups, 2.17% of SC survivors and 2.46% of RC survivors, an 11.8% relative difference. When the analysis was stratified by baseline serum creatinine level, a 22.7% relative difference was found in favor of SC among individuals with baseline serum creatinine values less than 1.7 mg/dl; a 50% relative difference was found in favor of SC among participants in the borderline range from 1.5 to 1.7 mg/dl. Our analyses suggest that aggressive antihypertensive therapy was beneficial for the hypertensive kidney, thus slowing the progression of renal function loss and perhaps completely thwarting such loss in participants whose kidneys remained relatively intact. It can be argued that the favorable effect of aggressive antihypertensive therapy is considerably greater than implied by these figures because of two factors: 1) a number of the RC participants were treated, probably quite effectively, and therefore received the benefits of antihypertensive therapy; and 2) the volume contraction produced by thiazide-type diuretic agents causes an immediate increase in serum creatinine of about 0.2 mg/dl.
Together, the data presented here have one important message: serum creatinine is an independent predictor of mortality in a hypertensive population. The data were inadequate to conclusively assess the role of antihypertensive therapy in decreasing the progressive loss of renal function. However, the results of subgroup analyses were consistent with the hypothesis that aggressive treatment of hypertension may prevent progression of renal insufficiency. Additional data are required to provide strong evidence for this belief.
These findings are particularly relevant for chronic renal failure. The annual incidence of end-stage renal disease in the United States is estimated at 100 per million among whites and 250 per million among blacks. 31 -35 This incidence, coupled with the availability of routine renal dialysis, has resulted in about 85,000 patients on chronic dialysis in the United States today and an increasing number of kidney transplants at a cost approaching $3 billion dollars annually. 36 - 39 The average cost for medical care of patients on dialysis is $25,000/yr, and the cost of treatment for persons with functioning kidney grafts is about one third of this expense. 39 As many as 20% of chronic dialysis and transplant patients may have hypertension as the primary cause of their renal failure. 32343540 A better understanding of the various therapeutic considerations relating to hypertension and the impact of its treatment on renal disease may help to curtail the morbid consequences of kidney failure. The billions of dollars being spent to treat patients with end-stage renal disease should justify further research in this area.
